The article discusses the history of scientific research and conservation efforts concerning the jaguar (Panthera onca) in its entire current range, focusing in its status in the Brazilian territory. It addresses the range, the ecology, the behavior and the survival strategies of the species. It also discusses human perceptions and reactions to its presence. The roles of hunters and scientists in the construction of current knowledge about the species are also presented. Lastly, all recorded conservation efforts concerning the species in the Brazilian territory, one of its major living areas, are discussed in detail.
INTRODUCTION
Throughout history, the jaguar (Panthera onca -Linnaeus, 1758) has been the object of several types of representation, both iconographic and textual: indigenous myths, colonial chronicles, travelers' reports, backland exploration documents, hunters' tales, old and current popular folktales, fictional narratives, scientific articles and books aimed at the conservation of the species. The fear of this beast is one of the main characteristics of the Brazilian imagination about the fauna. Its deep sounding roar, which can be heard from afar, is terrifying, as reported by many travelers. In many stories the jaguar is portrayed as a sort of king of the forest, endowed with a tyrannical will. More recently, the jaguar has been the subject of rather extensive scientific research. Its behavior and life requirements are much better known today.
This knowledge has been transmitted in different types of publications, both for specialists and for laymen. This paper deals with the construction of scientific knowledge about the jaguar in Brazil. It is based on data and analysis produced by systematic field research and conservation biology projects. It also deals with the direct relationship between scientific research and conservation strategies of the jaguar. Our sources were scientific books and articles, master's dissertations and doctoral theses, websites of non-governmental organizations, conservation project reports, and interviews with researchers, practitioners, and activists.
The goals of the paper are to understand (i) how scientific research and conservation initiatives in Brazil over the last 40 years regarding the jaguar are linked and (ii) how researchers and activists are involved in the protection of jaguar populations from extinction.
The ambivalences of the representations of the jaguar make it both feared and admired. It is hunted because it inspires terror and preys domestic herds. Sport hunters value it as a trophy, despite the prohibition of its hunting. But it is also the object of aesthetic appreciation. Its ferocious aspect and efficiency as a predator The jaguar is the largest carnivore found in the Brazilian territory. It lived in historical times from the southwestern United States to south-central Argentina.
Currently, the distribution of viable jaguar populations ranges from northern Mexico to northern Argentina. Rare individuals have been monitored recently in the southwestern United States, but for over 50 years no reproductive population has been recorded in the country. The current range of the species is estimated at 8.75 million square kilometers, or 46% of its historical distribution. Approximately half of this range lies inside the Brazilian territory. Originally the species was present in all
Brazilian biomes: Amazonia, the Pantanal (the great swampland), Cerrado (savanna), Caatinga (semiarid scrub forest), the Atlantic Forest, and the Pampa. The species'
existence is strongly threatened in the Atlantic Forest and in the Caatinga; it is virtually extinct in the Pampa. Exceptionally jaguars have been sighted at altitudes up to 3,800 meters (outside Brazil), but they prefer low lying areas (below 2,000 meters).
Unlike most felines, the jaguar feels comfortable in the water -it is an excellent swimmer and can capture prey efficiently in water. Known in Brazil by the common names of "onça-pintada", "onça-preta", "jaguar", "jaguaretê", or "canguçu", Panthera onca (its scientific name) belongs to the genus Panthera, together with the lion (Panthera leo) , the tiger (Panthera tigris) , and the leopard (Panthera pardus) . The jaguar is the only panther in the Americas. The genus is different from the cougar (Puma concolor), which in Brazil is popularly called as "puma" or "suçuarana". The coat of the jaguar varies from light yellow to brown, covered by spots that, on its back and sides, form rosettes with one or more spots inside. There are melanic specimens -known in Brazil as "onça-preta" [black jaguars].
Although they have a black coat, in the sunlight the spot and rosette pattern is easily visible. Its size varies from 1.10 to 2.41 meters (from head to tail) and its weight ranges from 35 to 158 kilograms. Males are larger and heavier than females.
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The jaguar is an opportunistic carnivore. More than 85 species have been recorded in their diet, which varies with prey density, and ease of capture. The main items on their menu are capybara, deer, peccary, sloths, and alligators. It avoids long pursuits, preferring ambushes, when it surprises prey. It has robust and strong constitution, with the most powerful bite among all felines, capable of crushing the hulls of turtles and tortoises. When it attacks large prey, instead of suffocating them, it jumps on their backs, dislocates their necks and, with a bite that penetrates the bones of the skull, kills the prey. As it has no predators, it occupies the top of the food chain. Conservation biologists look at the jaguar as a flagship species, as it is sensitive to environmental disturbances and therefore useful for monitoring habitat quality.
Jaguars have low reproductive rates and are therefore especially sensitive to hunting pressure, changes in vegetation coverage, and availability of water and prey.
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BACKGROUND OF THE SCIENTIFIC KNOWLEDGE ON THE JAGUAR
During the first three quarters of the 20 th century, knowledge about the jaguar in Brazil was produced mainly by hunters and disseminated through their reports.
Jaguars were hunted for three reasons: for their pelts, as retaliation to their attacks on livestock, and for sport. Some sport hunters left precious written testimonies of their encounters with jaguars. They admired the animal and were interested in its behavior, environment, and morphology. Francisco de Barros Júnior (1883 -1969 , in a classic hunting book, wrote that "my greatest concern was to kill a jaguar, since I thought that in order to be a complete hunter, it would be necessary to have killed at least one of these felines".
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His passion for sport hunting, wild nature and the jaguar brought Theodore Roosevelt (1858 Roosevelt ( -1919 , former president of the United States, to Brazil, in 1913.
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He joined one of the expeditions of Brazil's premier backland explorer Cândido Mariano da Silva Rondon (1865 Rondon ( -1958 , crossing the Pantanal lands of the state of Mato Grosso all the way to the southwestern Amazon region. Roosevelt was well-known as an enthusiastic hunter, but he also sought to be a naturalist. According to him, his excursion with Rondon "was not intended a hunting trip, but a scientific expedition".
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His observations about the two jaguars he hunted in the Pantanal -one killed by
Roosevelt himself, and the other by his son Kermit -are of scientific relevance. He noted, above all, the adaptation of the animal to the environment, as we can see in the following passage: "Jaguars love the water. They drink greedily and swim freely. In this country they rambled through the night across the marshes and prowled along the edges of the ponds and bayous, catching the capybaras and the caymans […]".
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In another section he states: "In this particular neighborhood the ordinary jaguar molested the cattle and horses hardly at all except now and then to kill calves. [...] There were plenty of capybaras and deer, and evidently the big spotted cats preferred the easier prey when it was available [...]".
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The legendary adventurer Sasha Siemel (1890 Siemel ( -1970 
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Siemel is the stereotype of the audacious hunter. He admired the jaguar, the "tiger" that risks its own life to hunt.
Siemel's daily life, however, was more pragmatic and less glamorous. He was hired many times by farmers to eliminate jaguars that attacked cattle, with the help of ranch cowboys. He also was hired frequently as a guide for sport hunters. His usual weapon was the shotgun, not the javelin.
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The jaguar hunter who left the most important records for science was 
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Almeida went as far as comparing the behavior and diet of the jaguars in different biomes -the Cerrado, the Amazon Forest and the Pantanal:
The chief ingredients of the swamp jaguar's diet are caiman and capybara. These two animals only live in or near water, whence their abundance in the swamps. In the last hundred years, another important item has been added to the jaguar's menu in this region, namely cattle. All these animals are reasonably easy to stalk and kill.
In the plateau country and the Amazon forest, the jaguar's food consists chiefly of peccaries and tapirs, but he will eat any small animals that come his way, such as armadillos, monkeys, pacas, agoutis, tinamous and other birds, turtles and their eggs, and even fish. The swamp jaguar will also eat smaller game, if it happens to practically fall into his lap, but he will certainly not waste time stalking it unless, of course, the jaguar is in bad health or in some other way handicapped.
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In the first half of the 20th century, the zoologist Rodolpho von Ihering (1883 Ihering ( -1939 and the journalist, writer and conservationist Eurico Santos
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(1883-1968), both
Brazilians, produced the first scientific texts on the jaguar.
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They drew attention to its constitution and physical appearance, including variations. They also dealt with the animal's geographical distribution. However, they emphasized the characteristics and the ability of the jaguar as a predator. Ihering argued that:
The jaguar has all the qualities to dominate and, indeed, it reigns in the backlands. It climbs trees as easily as it crosses great rivers; there is no animal that can equal it in jumping in height and distance, and to all this the sagacity and ability of an highly skilled hunter is added. In general it is satisfied with wild pigs, capybaras or deer; but if that hunting is scarce and there is livestock in the region, cattle owners pay a lot of tribute [...] .
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Santos notes that the jaguar "is undoubtedly the most feared beast in the American continent, stronger, larger and more daring, a rival of lions and other exotic panthers".
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He notes that its hunting is a grandiose spectacle: "Quiet hunting, to catch the victims by surprise ... Their walk is muffled, velvety, as if they walked on carpets [...]".
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The jaguar walks guided by flair, lurks and "surprises animals in their dens and falls on them like lightning. It is often heard in the silence of the forests, late night, the distressed cry of an animal that struggles strangled and ferociously bled by the terrible butcher ".
25
Ihering and Santos based much of their knowledge about the jaguar on information obtained from sport hunters. Therefore they allow considerable space in their writings for the descriptions of the hunt for the "cunning predator." Systematic 19 Almeida, Jaguar Hunting …, p. 41. 20 Santos was one of the founders of the Fundação Brasileira para a Conservação da Natureza (FBCN), em 1958. About this non-governmental organization, see José Luiz de Andrade Franco e José Augusto Drummond, "Nature Protection: the FBCN and Conservation Initiatives in Brazil, 1958 -1992 ", HALAC, 2 (2013 and academic scientific research on the species in Brazil began only in the second half of the 1970s.
SCIENCE AND JAGUAR CONSERVATION
The first scientific field research on the jaguar in Brazil started in 1977.
German zoologist George Beals Schaller, born in 1933, was the pioneering jaguar researcher. He grew up in the United States, where he became a recognized authority on wildlife research and conservation. When he came to Brazil to study the jaguar in its natural habitat, he was a well-known researcher -he had devoted much time to study gorillas, lions, and cheetahs in Africa, and tigers and snow leopards in Asia. His interest was scientific, but his research was interwoven with the concern for the conservation of the wild faunas of the areas that he studied.
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Schaller emphasized his concern for the future of the jaguar, and proposed steps to prevent its extinction:
[...] the jaguar is already extinct or reduced to occasional stragglers over large parts of the Pantanal, in some areas because of systematic eradication by ranchers within the past twenty-five years. No species in which a female raises an average of only one cub every two years can stand such heavy attrition. Unless local attitudes change, only a large national park can save the Pantanal jaguar.
The ostensible reason for eliminating jaguars is that they kill cattle. And indeed they do, although the cats account for only a tiny percentage of those that die annually. In one Pantanal district the cattle population declined from 700,000 to 180,000 in six years, largely as a result of disease, drowning, and starvation, after severe annual floods submerged pastures for months. As a result of poor management on many ranches, only one cow in four or five raises her calf. Results of this initial round of research focused mainly on jaguar ecology (feeding habits, home range, spatial distribution, activity patterns), based on the then recent model of radio-telemetry monitoring.
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Many of these early publications proposed conservation steps, including the notion of economically encouraged conservation -due to the strong conflicts involving jaguars and livestock farmers in the region:
Similarly to the species in most of its distribution, the future of the jaguar in the Pantanal is precarious, since its preservation comes into conflict with current cultural traditions and local economic interests. [...] The data presented in this report reveal the jaguar's basic biological needs in the Pantanal. Based on these results, it is not only useless, but mistaken, to say that this species' predation on cattle is insignificant -this fact will always be a reason for persecution by some farmers. On the other hand, it is safe to say that livestock predation will be inversely proportional to the jaguar's natural prey density in an area, that is, the higher the number of peccaries, capybaras and deer, the lower the numbers of slaughtered cattle. [...] Jaguar preservation could become more effective through some practical steps from part of the farmers, some of which are enumerated below:
-conservation of gallery and cape forests, which, as shown, constitute the most important environments for jaguars and their prey;
-reduction or prohibition of hunting of native species, including predators;
-prohibition of the use of dogs in the field, because they constitute a serious threat to a large part of the native fauna.
On the other hand, government entities could and should promote owners' interest in preserving parcels of their farms through fiscal incentives and partial tax exemptions, providing palpable benefits, in addition to conservationism through idealism. The book El jaguar en el nuevo milênio, resulting from this meeting, was published in 2002. It brought together 38 papers and still is the most complete compilation of data on the jaguar. 13 of these texts were written by Brazilian researchers. They deal with different themes associated with jaguar conservation:
protected areas, reproductive techniques, capture techniques, feeding ecology, dispersion, conflicts with humans, evolution, and conservation genetics.
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In the preface, Mexican ecologist Rodrigo A. Médellin highlights the purpose of the book:
The purpose of this book is to stimulate research, raise the level of discussion, and provide basic information that allows a robust process of informed, welldocumented decision making, aiming at the welfare of the jaguar as a species. If readers find themselves compelled to work for the benefit of the jaguar and its habitat, each in its scope, from the lovers of natural history and animals to specialists and students in ecology and conservation biology, we will have reached our goal.
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This quotation highlights the view that conservation should not be thought or conducted only by experts, but by all concerned with the survival of the species. Schaller is currently vice president -was named Jaguar Corridor Initiative (JCI). 14 countries of the American continent participate in it, including Brazil, and it is defined as a partnership between environmental NGOs, research institutions, local communities, and governments of the countries involved.
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In Brazil, the methodology to define the priority areas proposed in these workshops led to the production of a ; and on economic aspects, suggesting economic and fiscal incentives through ecotourism and initiatives that reduce conflicts between jaguars and humans. Foundation.
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The jaguar projects aim to integrate scientific knowledge about Panthera onca with conservation actions. They apply the concepts of key species, umbrella species, indicator species, and flag species. These concepts are based on the notion that the jaguar plays a key role in ecosystems. The jaguar is a top predator of the food chain; The purpose was to study the jaguar's ecology, focusing on the issue of cattle predation.
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One of the texts resulting from his dissertation, entitled "Evaluation of Potential Factors Predisposing Livestock to Predation by Jaguars", found that there is a low risk of cattle mortality due to predation by jaguars, disputing findings of earlier studies. Among several management implications, Azevedo's research suggested that efforts to reduce livestock mortality would be more efficient by focusing on causes unrelated to predation, which could be more easily controlled. 
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Research lines included monitoring of jaguar populations and their prey, as well as management programs to solve conflicts 51 Marianne K. Soisalo, Sandra M. C. Cavalcanti. Estimating the density of a jaguar population in the Brazilian Pantanal using camera-traps and capture-recapture sampling in combination with GPS radio-telemetry. 
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The Caatinga project is conducted in five municipalities located in the North of the state of Bahia, in a region called Boqueirão da Onça ("Nook of the Jaguar"). This area has great relevance for the conservation of Caatinga biodiversity and thus the project is involved in a proposal to create a mosaic of protected areas.
61
In August 2017, project researchers captured the first jaguar and started to monitor it by GPS. The data to be generated should guide conservation strategies in the critically endangered Caatinga biome, contribute to the resolution of conflicts between humans and jaguars, and identify the impacts caused by the installation of wind farms.
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The project at Iguaçu National Park began in the 1990s. It derives from Peter Crawshaw Jr.'s pioneering studies conducted between 1990 and 1995. Until 1994, the project monitored 21 ocelots, seven jaguars, and individuals of other species, such as coatis, wild dogs, jaguarundis, and maracajá cats. In addition to information on the ecology and conservation of these species, it trained researchers and managers. The CENAP, created in 1994, also arose from the work developed at Iguaçu National Park.
CENAP kept its headquarters at park until 1996.
Despite its success, the project was discontinued for ten years, due to Paraná caused the loss of genetic diversity in the remaining populations of jaguars, which were restricted to poorly connected protected areas.
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The loss of connectivity among populations is one of the major challenges to species conservation and has important implications for management, especially regarding the need to form networks of protected areas and to adopt large-scale conservation approaches. 
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These species are called "landscape detectives" because they indicate "how to plan and manage reservations and large interconnected ecoregions, since their survival depends on maintaining ecologically healthy environments".
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In 2010, IPÊ expanded its research efforts to Iguaçu National Park, through a partnership with other institutions, such as CENAP.
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The goal is to implement population management for landscape integration from ecological corridors. According to Fernando Lima, "the distinguishing aspect of this research effort is that it brought together so many institutions and people willing to share data and contribute, resulting in ... the most complete diagnosis of the species in a biome". 
CONCLUSION
The jaguar, although feared, is admired by many people who want to see it, get to know its habitat, and understand its way of life. It is a charismatic species that draws attention to itself and to the natural environment in which it lives.
Conservation projects seek to develop strategies, such as ecotourism and environmental education, that allow for a more harmonious coexistence between human populations and jaguars in order to change the perception of the animal from fear to admiration. To maintain viable populations, the jaguar must cease to be viewed as a wicked beast and be valued as a respected species -or even as an incomegenerating alternative, through ecotourism.
With the growing threats posed by habitat destruction and persecution, especially by farmers and rural populations in defense of their livestock, or moved by the terror that the jaguar still imposes, science has been the main tool for the conservation of species. It has become a science for conservation, as it advances in the production of knowledge related to ecology, behavior, and genetics, and develops strategies of environmental education, incentives to ecotourism, and resolution of conflicts. In this way, contemporary science has been contributing to increase knowledge about the jaguar, and for Brazilian society to develop the care and love necessary to guarantee the survival of this magnificent member of the native fauna.
